Increase in population growth and the associated activities have increased the nutrient input to the Lake Victoria through atmosphere and river discharge. Atmospheric input of nutrient is believed to exceed that of river discharge due to relatively higher contribution of water mass to the Lake from atmosphere. However, precipitation characteristics with respect to nutrients have not been well studied to allow qualification and quantification of atmospheric contribution to the Lake Victoria. This study was conducted to investigate influence of land use activities on spatial and temporal variation of nutrient inputs from atmosphere and to estimate atmospheric loading to the Lake Victoria. The results revealed that there is significant spatial and temporal variation of nutrient deposition in the study area. High concentrations of nutrients were observed during short rains starting from September to December. This was attributed to dissolution of nutrients from soil particals and ash residues due to biomass burning accumulated in the atmosphere during dry season of June to August. Spatial variation of nutrients reflects land use activities. Urban and peri-urban areas showed very high concentration of nitrate nitrogen due to industrial and vehicle emission while rural area showed high concentration of phosphorous species and reduced forms of nitrogen species reflecting agricultural activities and animal keeping. Generally, nutrient deposition load was higher in rural area compared to urban with respective values of 15.5 and 13.9 kg·ha −1 ·y −1 for total nitrogen and 6.1 and 2.8 kg·ha
Introduction
Rapid growth of population, urbanization and intensified agricultural activities have increased mobilization of nitrogen and phosphorous to the aquatic ecosystem, which have been attributed to active functioning of aquatic systems [1] . Wastewater from sewerage and industries in urban areas, which is often discharged untreated to the environment, is a major source of nutrients causing eutrophication [2, 3] . Eutrophication is associated with ecological changes including strong increase in phytoplankton primary production, replacement of diatoms by cyanobacteria, rapid growth of phytoplankton and aquatic microphytes, alteration of the ecological integrity of freshwater and depletion of dissolved oxygen. Lakes are particularly vulnerable to nutrient loading and its consequences because of long water retention time.
Importance of atmospheric deposition as source of nutrients has well been documented. This is particularly important for the Lake Victoria, in which the water input by rainfall is more than four times greater than that from river flow and hence direct atmospheric deposition of nutrients on the lake may be significant. There is suffi-cient information to suggest that atmospheric deposition contributes significant nutrient loads to the African Great Lakes including Lake Victoria [4, 5] . However, there is inadequate information to determine the qualitative and quantitative significance of this source to the lakes, possible source locations, processes and trajectories of atmospheric contaminants. The large scale deforestation and biomass burning occurring in the Lake region [6, 7] can also influence nutrient deposition through atmosphere. Therefore estimation of nutrient loading is crucial to environmental management and planning.
The objective of this study was to investigate influence of land use activities on spatial and temporal variation of nutrient inputs from atmosphere and to estimate atmospheric contribution to the lake nutrient budget, which are affecting the lake productivity and fisheries that are of great economic importance on the livelihoods of the residents in the basin.
Materials and Methods

Study Site
The study was conducted in Mwanza and Magu Tanzania. The area is located in the southern part of the Lake Victoria Basin, the second largest lake by area in the world, with surface area of 68,800 km 2 ( Figure 1 ). The short rains occur during September-December and long rains between March-May, resulting in a total annual rainfall of 700 to 1000 mm [8] . The lake receives inflows from 17 tributaries, which contribute less than 20% of the water entering the lake, the rest being provided by rainfall [9] . The catchment has a warm tropical savannah climate with an average temperature of about 23˚C. Wind and rainfall patterns in the region are associated with an atmospheric belt of low pressure inter-tropical convergence zone (ITCZ). Sandy loam soil covers about 60% of the total catchment area [8] .
The main land use/land cover of Mwanza is typical of urban settlement with urban population of 1.2 million and a metropolitan population of 2 million. It contains both formal and informal settlement. Main land use/land cover for Magu consists of mixed bare land and short grasses, dense and tall grass land, bush land, cultivated land and medium size grass land. A very small area is covered by surface water [8] . The most frequently grown crops are cotton and maize. Due to rainfall uncertainties most cropping systems practiced in this area are staggered planting (planting crops on different dates), inter cropping and flat cropping [10] . Forest cutting followed by burning is a common practice of land preparation for agriculture. Communal grazing is the most practiced livestock management system in Magu. Mwanza region hold a large proportion of the country's livestock of about 13%.
Sample Collection and Analysis
Rainwater samples were collected on monthly basis from three sites in Mwanza, Tanzania from January 2010 to January 2011. The three sampling locations were selected to reflect urban, peri-urban and rural activities. The characteristics of sampling sites are presented in Table 1 .
The samples were collected from City Centre (Urban), Capri-Point (Peri-urban) in Mwanza and from Itumbiri in Magu (rural area). Rainwater samples were collected using a 23 cm diameter high density polyethylene funnels surrounded by sharp sticks to avoid birds from resting on the samplers, which were set at 1.2 m above the ground or surface of a flat roof. The funnel was connected to 20 L high density polyethylene container. During dry months the containers were rinsed with 1000 ml of de-ionized water to collect nutrients deposited by precipitation of dry matters. The water volume, temperature, TDS and pH were measured in situ before filtration. The filtered samples (0.45 µm) were analyzed for dissolved species (
NH  and ), while the unfiltered samples were analyzed for total nitrogen and total phosphorous. The samples were stored by freezing for later analysis. The unfiltered samples were digested with potassium persulfate (30 min) under pressure and their total phosphorous contents were determined colorimetrically at 885 nm wave length using ascorbic method [11] by a bench-top spectrophotometer. Soluble reactive phosphorous (SRP; ) was analyzed from filtered and undigested samples by the same method. 
Results
The results of analyzed parameters are presented in Table 2 . Rainfall measurements as recorded by Tanzania metrological Agency (TMA) at Mwanza Airport Station showed that the rain events throughout the year followed a bimodal trend. Heavy rains were recorded from February to May. The volume of rainfall recorded by our samplers generally followed the trend of total rainfall. The water samples could not be collected in June and July when the total monthly rainfall documented were 0.6 and 6.7 mm, respectively. . The sample gadgets used in this study recorded annual rainfall as 956.4, 966 and 1083.9 mm for Itumbiri, CapriPoint and City Center, respectively. The values compared very well with the rainfall measurements recorded by Tanzania Meteorological Agency (1161.4 mm) and also the average rainfall (1095.8 mm) during the past thirty years. The total rainfall collected represented 82 to 93% of the total rain falling during the study period. Rainwater temperature in Mwanza ranged from 24.4 to 32.9˚C with general high temperature at rural area of Itumbiri and low temperature (cool water) close to the Lake Victoria at Capri-Point. The consequences of higher temperature at Itumbiri were reflected by lower collection of water volumes as well as complete evaporation in the month of August, in comparison with the other sampling sites. Rainwater pH is a good indicator of atmospheric pollution. When the pH is below 5.6, a pH value
Discussion
Temporal Variation
Temporal variation of nutrients and other precipitation components may be affected by a number of factors including meteorological factors such as wind speed and direction, rainfall intensity, proximity to the source and human activities [13] . Rainfall intensity may affect the concentration of nutrients due to dilution. However it may also increase the nutrient concentration if the particular species is very soluble. The concentration may also vary within the rainy season with high concentration at the beginning of rainy season. Our results showed that the volume of rainwater co lected during our sampling l campaign and the rainfall followed bimodal trend (Figure 2) . The first peak was in February to May with a maximum in March and the second was in September to December with maximum collection in October and December. This bimodal trend had significant influence in the quality of precipitation. For example, electrical conductivity showed the highest peak in August and September for urban and peri-urban areas while in rural area, Itumbiri, it showed two peaks in March and April and in November. Nutrient concentration also showed similar influence (Figure 3) . Concentrations of all nutrients were higher during short rain season starting from August to December with maximum peaks in September, October and November for Urban, Peri-Urban and Rural areas, respectively. Three factors can be attributed to this trend. First is the rainfall pattern, as it has been previously explained, the rainfall intensity during this period of high peaks of nutrients was relatively low compared to the heavy rain season in February to May. This implies that dilution is relatively low leading to the highest concentrations of nutrients and other chemical species. Inverse
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229 trend between chemical species and rainfall intensity has been widely documented. Generally, heavy precipitation causes low concentrations of nutrients and their related components. For example [14, 15] reported low concentration of chemical species in rainwater during heavy precipitation. Second factor attributed to high concentration during short rain might be due to accumulation of nutrients in the atmosphere during dry seasons of June to August. Consequently first rainfall of September responds to atmospheric washout which is usually accompanied with high concentration of dissolved species. This phenomenon has also been reported by [16] in their study of external source of nutrients for Lake Tanganyika. They found that dissolved inorganic nitrogen was the highest at the beginning of the rain season. In addition, land preparation for cultivation is actively pursued during this dry period in the study area. Land preparation involves tree cutting followed by biomass burning, resulting into accumulation of atmospheric particles containing nutrients and other chemical species. Moreover, the soil is bared during this period which can easily be blown up by prevailing wind. Soil dust and particulate matters from biomass burning are expected to be washed out at the very initial onset of the wet season [13] . Dissolution of these species by first rain events could results into elevation of the concentration of nutrients in the precipitation. This was also supported by the presence of black residue deposited on the sampler funnel in the period of August and September. The third factor that may explain the seasonal trend is wind direction and speed. Wind has been reported as a very important factor for transportation and dispersion of atmospheric nutrients. The average ten year wind measurements showed that the frequency of maximum wind speed (5.7 -8.2 m·s ) from land side to the Lake Victoria through the sampling points reached maximum during August to December (Figure 4) . It is possible that this turbulent wind carries nutrients from anthropogenic activities to the atmosphere which is then dissolved by falling rain.
Spatial Variation in Atmospheric Input
Sampling of precipitation was conducted to reflect urban area, peri-urban and rural environment of the Lake Victoria basin in Tanzania side of Mwanza. This selection was carried out to qualify and quantify the effect of respective activities on atmospheric pollution around the Lake. Volume of rainwater recorded was different among sampling sites hence the comparison of atmospheric inputs was done using volume weighted mean values calculated as shown in Equation (1).
  i i i
Volume weighted mean concentration VWMC where C i is the measured concentration of individual specie and V i is the Volume of rainwater during that sampling date. The spatial variations of atmospheric inputs are shown in Figures 5(a) and (b) . Rainwater from Rural area (Magu) was more concentrated with total dissolved solid reaching almost two times that of Capri-Point. This may partly be contributed by the difference in elevation which may affect atmospheric soil dust input at low elevation. In Itumbiri, samples were collected at 1.2 m above the ground while in Capri-Point the collection was done on the top of a building at about 20 m above the ground which was constructed at the top of a hill. On the other hand, volume weighted mean pH values were almost the same in all three sampling sites with values close to neutral, despite relatively high concentration of 3 
NO
 in the urban area. This might be due to the neutralization process involving basic components such as 4 
NH
 and carbonate containing species. Sakihama et al. [12] showed that pH of precipitation was controlled by neutralization process in Okinawa Island.
The spatial variation of nutrients showed the following trend for TP: Rural > Peri-urban > Urban; 3 4 PO  : Rural > Peri-uban > Urban; TN: Peri-urban > Rural > Urban; largest city in Tanzania hosting about 2 million peoples and number of medium and small scale industries. It is also a centre for connecting other Lake regions neighbouring all other East African countries. These activities might be responsible for high concentration of nitrate in the urban area.
On the other hand, the rural area are characterized by high concentration of phosphorous and reduced forms of nitrogen species due to the agricultural activities coupled with animal keeping by free range grazing. Phosphorous species are less volatile compared to nitrogen and therefore are not transported to a far distance and hence are of local origin. Phosphorous may also enter to the atmosphere through windblown soil and ash particles from forest burning. The results suggest that agricultural activities are major sources of phosphorous pollution to the atmosphere. This may be more important since burning is a common practice of land preparation for agriculture in the Lake Victoria Basin. Delmas et al. [6] and Hao and Liu [7] reported occurrence of large scale deforestation and biomass burning in the Lake Victoria basin. Crutzen and Andreae [17] attributed savannah fire as major source of P in the atmosphere and Artaxo et al. [18] found that 56% of the aerosol mass including that of P measured in the Amazon tropical forest was associated with biomass burning. It is likely that this phenomenon also takes place in the Lake Victoria Basin. Moreover, Itumbiri is a typical rural area in which dominant land uses are the cultivation and free range grazing of cattle and sheep. High concentrations of reduced forms of nitrogen are the signature of the agricultural area with intensive poultry activities [19] . These activities are characterized by emission of NH 3 through fertilizer and livestock by-products. Increase in 4 
 concentration in rain water has been correlated with number of livestock in LA USA [19] . On particular importance to the lake ecosystem, higher concentration of reduced form of nitrogen species may have significant importance in lake ecological functioning since they are more readily assimilated by most aquatic organisms and thus may rapidly or effectively induced a community response than oxidized form [20] .
Source of Nutrients
Nutrients in the atmosphere may be contributed by natural and anthropogenic sources. However, in the presence of high anthropogenic activities the concentration is usually high. Source of nutrients in the atmosphere could be due to burning of fossil fuels which produce among other pollutants NO x , lightning, biomass, soil particles from agricultural activities which may contain fertilizer residues, emission from soil bacterial process and ammonia volatilization from animal and human excreta, soil and senescing vegetation. Examination of correlation coefficient among the nutrients species indicate statistically significant correlation at 99% confidence interval according to Pearson correlation with the exception of 2 
NO
 against 4 NH  ( Table 3) . Strong correlation indicates common sources of the nutrient or similar scavenging mechanism involving nutrient species below cloud. Very strong correlation between phosphorus species and TN as well as 4 
NH
 indicated possible influence of NPK fertilizers as sources of nutrients in the atmosphere around Lake Victoria basin on Tanzania side. The correlation may also be due to emission and dissolution of residue as a result of biomass burning. Bootsma et al. [21] attributed biomass burning with elevated concentration of nitrogen in the atmosphere while Artaxo et al. [18] found that 56% of the aerosol mass including that of P measured in the Amazon tropical forest was associated with biomass burning. The strong correlation at all sampling sites suggest that these activities are wide spread around the Lake basin. Peter and Reese [22] also found strong relationship of nitrogen species with total phosphorous and associated with common sources or depositional process. Zhang et al. [14] also attributed volatilization of ammonia from agricultural activities as an important source of N in rural area.
Nutrients Depositional Load
Volume weighted mean of nutrient deposition in three sampling sites ranges between 1.3 and 1.6 mg·L −1 and 0.3 and 0.6 mg·L −1 for total nitrogen and for total phosphorous, respectively. These values correspond to an average volume weighted mean of 1.4 and 0.44 mg·L −1 for total nitrogen and total phosphorous, respectively for the whole studied area. The annual depositional fluxes are calculated using Equation (2). 1 1 Annual depositional flux (kg ha y )
where VWMC (mg·L
) is volume weighted mean concentration averaged for the whole studied area and R (m) is the 30-year average annual rainfall.
The Calculations give the annual flux of 15.3 kg·ha Table 4) .
Dissolved inorganic nitrogen contributed about 45% while dissolved inorganic phosphorous contributed 43% of total nitrogen and phosphorous fluxes, respectively. The low percentage of dissolved inorganic phosphorous is predictable since there is no known gaseous form of phosphorous in the atmosphere. Phosphorous in the atmosphere exist mainly as small dust particals which can be precipitated as dry fallout or scavenged by falling rain drops. Therefore, it is likely that insoluble forms contribute to greater percentage of total phosphorous. Tamatamah et al. [5] reported that dry deposition was dominated by insoluble form of phosphorous contributing greater than 70% while in wet deposition they contributed about 50%. Bootsma et al. [21] also reported that dissolved inorganic phosphorous represented only 30% of total phosphorous in precipitation around Lake Malawi. Unlike phosphorus, nitrogen in atmosphere is mainly present as 3 NO  and 4 [23] . The low percentage of the dissolved inorganic nitrogen found in our study suggest additional source of nitrogen input. The possible source of insoluble nitrogen might be ash and dust from biomass burning. This common source of nitrogen and phosphorous can also explain the strong relationship between TP and TN observed in this study (Table 3). The nutrients fluxes for the Simiyu-Duma river cathment where the study was carried out as estimated from data presented by [4] , for total N and total phosphorous, respectively. The values are more than 10 times lower compared to atmospheric deposition. The results support the previous studies that atmospheric deposition is an important route for transporting nutrients to the Lake Victoria [4, 5] . (Table 5) , nitrogen deposition in this study is lower than that reported for the Lake Taihu, China, but greater than that reported for the Lake Tanganyika, Tanzania, Sierra de Gata, Spain and Delaware Inland bay USA. Phosphorous deposition reported in this study is higher than that for Lake Malawi, previously reported value for the Lake Victoria, Lake Tanganyika and Lake Taihu.
Currently Lake Victoria is undergoing intensive ecological changes. Massive invasion of water hyacinth poses great challenges in economic, environmental and ecological sustainability of the lake. Phytoplanktonic biomass is now dominated by nitrogen fixing cyanobacteria (Anobaena and Cylindrospermopsis) coupled with non-fixing Microxystis and Planktolyngbya. This is attributed to the low TN:TP ratio as a results of high concentration of phosphorous which is at 2.5 µmol·L −1 [26] . The significant values of dissolved nutrients suggest that precipitation can stimulate primary production in the Lake Victoria. Interpreting these value, with regards to the primary production assuming that nutrient molar ratios in phytoplankton are C:N:P = 168:19:1 [27], dissolved inorganic nitrogen deposition will stimulate new primary production of 5.4 g·cm
. Considering phosphorous which is usually considered as limiting nutrient [22, 25] , production is even greater 13.5 g·cm . The production may be even greater than our estimation because consideration of other soluble forms of nutrients such as dissolved organic nitrogen which has shown to be an important fraction in atmospheric deposition, has been ignored in this estimation [21] . For example at Lake Malawi dissolved organic nitrogen contributed between 30% and 50% of total dissolved nitrogen while [28] reported that dissolved organic nitrogen accounted for 30% of total dissolved nitrogen in tropical precipitation. In addition to that, the undissolved fraction can be mineralized depending on the aquatic condition. However the actual primary production may depend on other factors such as water depth. Moreover the estimation assumes linear dependency between primary production and nutrients which is not likely to happen.
Conclusions
The study was conducted to investigate temporal and spatial variation of nutrient input through atmosphere as influenced by land use activities in order to estimate the nutrient loading to the Lake Victoria. The results revealed both temporal and spatial variation. Temporal variation showed higher concentration during short rain season of September to December. This was due to soil and ash residue particles brought to the atmosphere by strong wind during dry period of June and August. The accumulated particles are then scavenged by relatively low intensity rain and hence released high concentrations of nutrients. Spatial variation was strongly influenced by land use activities. Urban and peri-urban where industrial activities are wide spread, is characterized by elevated concentration of nitrate-nitrogen and overall low nutrient loading while in rural area where agricultural activities accompanied with animal husbandry are dominate land use, is characterized by high concentration of phosphorous, reduced form of nitrogen species and high overall nutrient loading.
Nutrient species showed strong correlation among themselves suggesting common sources or scavenging mechanism. The major source of nutrient to the lake basin was suggested to be agriculture and their related activities. Therefore in order to have significant reduction of nutrient the measures should be directed to improve land use practices such as overland clearing, land preparation, forest burning and conservation of wetland and reduce industrial and vehicle emission. Nutrient deposition through atmosphere in Tanzania side of the Lake Victoria is significant high that can stimulates significant ecological functioning.
